We present here the system size dependence of balance energy for semi-central and peripheral collisions using quantum molecular dynamics model. This also suggests that in the absence of momentum dependent interactions, Coulomb's interaction plays an exceedingly significant role. These results are further analyzed for nuclear dynamics at the balance point.
While going from the low to high incident energies, there comes a typical point where no preference is observed for the flow, therefore, it disappears. This particular incident energy where attractive and repulsive interactions balance each other (and flow disappears) is termed as balance energy or E bal [9, [11] [12] [13] [14] [15] [16] [17] [18] . At the balance point, scatterings due to the attractive mean field occurring at negative angles are counter balanced by the repulsive action of the binary nucleon-nucleon collisions occur at positive angles [12, 15, 19, 20] .
The composite dependence of the E bal on the mean field equation of state (eos) and nucleonnucleon cross-section (σ N N ) can be sorted out by noticing the sensitivity of E bal on the system size as well as on the impact parameter of the reaction. In this connection, very recently, Puri and Sood [19] , conducted a very detailed and exhaustive study on the energy of vanishing flow over entire periodic table with masses between 20 and 394. Their study had shed light on various aspects of nuclear dynamics. Unfortunately, this study along with all other studies reported in the literature are limited to central/semi-central collisions only [19] . A very little attention has seen paid in the literature for semi-central and/or peripheral collisions, where physics is derived by the low density dynamics [10, 14, [19] [20] [21] [22] [23] . Among various attempts involving non-central impact parameters, Magestro et. al. [17] reported the results of disappearance of flow over large impact parameters. Their study, however, was limited to heavier systems only. One should keep in the mind that the dynamics in lighter nuclei is entirely different than that of heavier colliding nuclei. It remains, therefore, a challenging question to see how directed transverse flow behaves at perpheral/non-central collisions. We plan to address this question in this study.
In an another study, Puri et.al. [13] extracted the strength of nucleon-nucleon cross-section for the reaction of Zn 64 + Al 27 at different collision geometries. They firmly indicated that for central collisions, a cross-section of 40 mb was good enough, whereas an enhanced value of cross-section was needed for peripheral collisions. It still remains to be seen whether this observation holds good over entire periodic table or not.
Here we plan to understand the mass dependence of disappearance of flow in these low excited geometries. We shall also attempt to parameterize the balance energy for the system size effects.
The present study is conducted within the framework of quantum molecular dynamics (QMD) model, which is discussed in section II. In section III, we discuss the results and summary is presented in section IV.
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II. THE MODEL
In QMD model [24] [25] [26] , each nucleon, represented by a Gaussian distribution, propagates with classical equations of motion as:
where Hamiltonian H is given by :
with
Here V loc , V Y uk and V Coul represent, respectively, the local two-and three-body Skyrme, Yukawa and Coulomb interactions. Under the local density approximation, Skyrme part of the nucleon interaction can be written as:
Here ρ i is the nucleon density. The coefficients α and β give proper ground state properties and [24] . Following many studies [15, 16, 18, 19] listed in the literature, we also use a hard equation of state.
When propagating nucleons come too close to each other, they can collide elastically or inelastically depending upon the available center of mass energy. The collision probability depends on the cross section σ N N . Several different forms of σ N N are available in the literature. In many studies [18, 19] , one has taken constant value of σ N N . Generally it is assumed to be between 20 mb and 55 mb. The strength of nucleon-nucleon cross-section will be extracted by simulating various reactions with σ N N between 40 and 55 mb. The above QMD model has been shown to be very useful in many observables/non-observables [25, 26] . that for b = 1 fm, flow is nearly isotropic and slope is zero. The negative slope increases as we move from central to peripheral collisions. This demonstrates that for larger impact parameters, matter is attractive in the presence of reduced number of collisions. It is worth that the slope of the < p x /A > depends crucially on the incident energy. In fig. 2 , we display the < p x /A > for the same reaction as fig. 1 but at b = 4 fm and for different incident energies. We see that slope is negative at small incident energies whereas it turns less negative with the increase in the incident energies. At particular energy (between 100 and 150 MeV/nucleon), we see a change in the slope from negative to positive values. This slope is steeper at higher incident energies.
In Fig.3 , the transverse directed momentum, < P dir It is worth mentioning that if mean field dominates, the transverse flow will be negative whereas the dominance of nucleon-nucleon collisions will result in to a positive flow. At ultra low incident energies, the phenomena emerging due to mean field alone are dominant [27] . The reaction persists compared to light systems. The different values of the flow due to mean field using different σ N N happens due to different energies of vanishing flow.
We plot in Fig.4 , the number of allowed collisions < N coll sum >, for various systems as a function of reduced impact parameterb. This dependence of binary collisions on impact parameter yields several interesting aspects: For the lighter masses, there is a marked enhancement in the binary collisions at peripheral collisions. This happens due to exceedingly high balance energy at these impact parameters in lighter colliding nuclei. For example, the E bal for N e 20 This could also be due to the fact that impact parameter in these measurements is not fixed. It varies with reaction. The impact parameter variation can also have effect on the energy of vanishing flow. increases to 149.5 MeV/nucleon forb = 0.60.
For central collisions, we observe that the power factor is close to (-1/3 ). This is a well known trend reported by number of authors earlier [11, 18, 19] and has been very well justified in the literature in terms of interplay between the mean field and binary collisions. The increase in the slope of E bal with impact parameter can be due to failure of static equation of state to reproduce transverse motion of particles. The effect is more severe for lighter nuclei. This is partially due to the fact that with weaker binary nucleon-nucleon collisions, Coulomb's repulsion plays a decisive role. This role is very strong in heavier nuclei and at peripheral collisions, therefore making slope steeper. It still remains to be seen how momentum dependent interactions can alter these findings.
To further understand this similarity in the balance energy obtained at different impact parameters, we display in fig.8 , the evolution time for which density remains higher than half of the matter density i.e. the time for which ρ > 0. In fig.9 , we display the maximal time of average density and collision rate for the same systems as shown in fig.8 . Here we also see again a similar trend as seen in fig.8 . There is a monotonous increase in the slope from central to peripheral collisions.
IV. SUMMARY
In the present work, we analyzed the disappearance of flow (or alternately the balance energy)
for semi-central and peripheral collisions using quantum molecular dynamics model. This work is supported by Department of Science and Technology, Government of India.
